(19) 



Europatsches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

11.09.2002 Bulletin 2002/37 

(21) Application number: 02251573.8 

(22) Date of filing: 06.03.2002 



(H) EP 1 239 203 A1 

EUROPEAN PATENT APPLICATION 

(51) Int CI 7: F16K 27/00 



(84) Designated Contracting States: 


(72) Inventor: Nguyen, Nhan V. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Santa Ana, California 92705 (US) 


MC NL PT SE TR 




Designated Extension States: 


(74) Representative: Alexander, Thomas Bruce et al 


AL LT LV MK RO SI 


BOULT WADE TEN N ANT, 




Verulam Gardens 


(30) Priority: 06.03.2001 US 800595 


70 Gray's Inn Road 




London WC1X8BT (GB) 


(71) Applicant: ASML US, Inc. 




Scott Valley, California 95066 (US) 





CO 

o 

CM 

O) 
CO 
CM 



UJ 



(54) Modular fluid delivery apparatus 

(57) A fluid delivery apparatus for transporting a flu- 
id to one or more fluid handling components. The fluid 
delivery apparatus includes one or more modular sub- 
assemblies having an upper module (56), a lower mod- 
ule (59), and a base block (60). The upper module in- 
cludes a passageway for coupling with a fluid handling 
component (51) such that the upper passageway is in 
fluid communication with the fluid handling component. 
The lower module includes a lower passageway for cou- 



pling with the upper module such that the passageways 
are in fluid communication. The lower module includes 
a flow channel having a lower passageway. The base 
block includes a receptacle and a channel. The upper 
module is received within the receptacle and the lower 
module extends through the channel. The modular su- 
bassembly can include a spacer having a plurality of 
alignment apertures for aligning fluid coupling ports of 
the upper and lower modules. A method of using the 
fluid delivery apparatus is also disclosed. 
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Description 

RELATED APPLICATIONS 

[0001] This application is a Continuation-in-Part of U. 
S. Patent Application Serial No. 09/388,216 filed Sep- 
tember 1 , 1999, the entire contents of which is incorpo- 
rated herein by this reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an apparatus 
for delivery of a fluid to a tool and more specifically to a 
modular apparatus for delivery of a fluid to tool. 

BACKGROUND OF THE INVENTION 

[0003] Systems for delivery of a fluid to a tool have a 
variety of different applications. For instance, the chem- 
ical vapor deposition technique used in certain semi- 
conductor manufacture processes requires that a fluid 
be delivered to a rapid thermal process (RTP) reactor. 
The fluid must be delivered to the RTP reactor under 
very specific conditions. These specific fluid conditions 
are achieved with the use of a fluid delivery system 
which transports the fluid to a number of fluid handling 
components before delivering the fluid to the RTP reac- 
tor. These fluid handling components typically measure 
or adjust the characteristics of the fluid within the fluid 
delivery system. 

[0004] The typical fluid delivery system is frequently 
modified and updated. Many of these modifications re- 
quire that the fluid delivery system be disassembled and 
reassembled in a different configuration. As a result, flu- 
id delivery systems must be highly adaptable. 
[0005] Fluid delivery systems have been modularized 
in an attempt to increase their adaptability. Modular fluid 
delivery systems typically include a plurality of inde- 
pendent modules which can be coupled with one anoth- 
er and with fluid handling components. The modules 
and fluid handling components each include one or 
more passageways which are aligned with one another 
upon assembling the fluid delivery system. Alignment of 
the passageways forms an extended channel through 
the fluid delivery system. The extended channel serves 
to transport fluids to the fluid handling components be- 
fore the fluid is delivered to the tool. 
[0006] Many modular fluid delivery systems require a 
large variety of modules in order to retain their adapta- 
bility. The large number of modules are often associated 
with an increased complexity in maintaining the fluid de- 
livery system. Further, a large number of modules can 
be associated with increased storage costs since spare 
modules must frequently be stored in order to properly 
maintain the fluid delivery systems. Further, the large 
number of modules contributes significantly to the in- 
creased overall weight of the fluid delivery system. 
[0007] Another challenge associated with modular 



fluid delivery systems is prevention of fluid leaks be- 
tween adjacent modules or between a module and a flu- 
id handling component. The leaks are prevented by for- 
mation of a seal between the adjacent modules and/or 
5 between a module and an adjacent fluid handling com- 
ponent. These seals are known to break down overtime. 
Modules within the fluid delivery system must often be 
temporarily removed or even replaced in order to reform 
the seal. 

10 [0008] Prior modular delivery systems have present- 
ed considerable challenges when a module must be re- 
moved or replaced. For instance, many modular fluid 
delivery systems require that a large portion of the mod- 
ules be removed before a single module can be re- 
ts placed and/or that the entire fluid delivery system be dis- 
assembled before a single module can be removed. As 
a result, simple changes in these modular fluid delivery 
systems can be very time consuming and accordingly, 
very expensive. Additionally, the number of modules 
20 which must be moved and the extended time required 
to make these modifications can result in contamination 
of the fluid delivery system. 

[0009] For the above reasons, there is currently a 
need for a modular fluid delivery system which permits 

25 the modules to be easily accessed, removed and/or 
changed. There is also a need for a modular delivery 
system with a reduced opportunity for systemic contam- 
ination. Additionally, there is a need for a modular deliv- 
ery system which retains adaptability with fewer mod- 

30 ules. Additionally, there is a need for a modular delivery 
system which requires fewer modules thus reducing 
cost and minimizing weight of the system. 

SUMMARY OF THE INVENTION 

35 

[0010] The invention relates to a fluid delivery appa- 
ratus for transporting a fluid to one or more fluid handling 
components. The fluid delivery apparatus includes one 
or more modular subassemblies, each subassembly in- 

40 eluding an upper module, a lower module, and a base 
block. The upper module includes one or more upper 
passageways and is configured to be coupled with a flu- 
id handling component such that the upper passageway 
is in fluid communication with the fluid handling compo- 

45 nent. The lower module includes one or more lowerpas- 
sageways and is configured to be coupled with the up- 
per module such that the lower passageway is in fluid 
communication with the upper passageway. The lower 
module can include a plurality of flow channels, each 

50 flow channel including a lower passageway. The base 
block includes a receptacle and a channel. The upper 
module is received within the receptacle and the lower 
module extends through the channel. The modular su- 
bassembly can include a spacer having a plurality of 

55 alignment apertures for aligning fluid coupling ports of 
the upper and lower modules. A method of using the 
fluid delivery apparatus is also disclosed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011 J 

FIG. 1 is a partially exploded perspective view of a s 
modular fluid delivery system in combination with 
various fluid handling components aligned above a 
fluid delivery apparatus in accordance with the 
present invention, the modular fluid delivery appa- 
ratus including upper modules, spacers, lower mod- 
ules and base blocks shown in cross-section. 

FIG. 2 is a perspective cross sectional view of the 
base blocks of FIG. 1 arranged in two rows. 

FIG. 3 is a perspective cross sectional view of the 
lower modules, each formed by a portion of one or 
more flow channels, installed in the base blocks of 
FIG. 2. 

FIG. 4 is an enlarged detailed perspective view of 
a flow channel and corresponding bracket shown in 
FIG. 1 . 

FIG. 5 is a perspective cross sectional view of the 
spacers and lower modules installed in the base 
blocks of FIG. 2. 

FIG. 6 is a perspective cross sectional view of the 
upper modules, spacers and lower modules in- 
stalled in the base blocks of FIG. 2. 

FIG. 7 is an exploded perspective view of one mod- 
ular subassembly shown in FIG. 6 including an up- 
per module, spacer, lower module and base block 
in combination with a fluid handling component. 

FIG. 8 is a partially exploded perspective view sim- 
ilar to FIG. 7 but showing the modular subassembly 
assembled. 

FIG. 9 is a perspective view similar to FIGS. 7 and 
8 but showing the subassembly assembled with the 
valve component. 

FIG. 10 is a partially exploded perspective view of 
another modular subassembly, in cross-section, 
similar to that shown in FIG. 8 in combination with 
the fluid handling component shown in FIG. 8. 

FIG. 11 is a partially exploded perspective view of 
another modular subassembly shown in FIGS. 1 
and 6, in cross-section, in combination with another 
fluid handling component shown in FIG. 1 . 

FIG. 12 is an enlarged detailed perspective view of 
a first upper module shown in FIG. 6. 



FIG. 13 is an enlarged detailed perspective view of 
a second upper module shown in FIG. 6. 

FIG. 14 is an enlarged detailed perspective view of 
a bottom of the second upper module shown in 
FIGS. 6 and 13. 

FIG. 15 is an enlarged detailed perspective view of 
a third upper module shown in FIG. 6. 

FIG. 16 is an enlarged detailed perspective view of 
a fourth upper module shown in FIG. 6. 

FIG. 17 is an enlarged detailed perspective view of 
a fifth upper module shown in FIG. 6. 

FIG. 18 is an enlarged detailed perspective view of 
a sixth upper module similar to those shown In FIG. 
6. 

DETAILED DESCRIPTION 

[0012] The present invention relates to delivery appa- 
ratus for transporting a fluid to one or more fluid handling 
components or tools. The fluid delivery apparatus in- 
cludes a plurality of base blocks which form a base layer 
on the surface upon which the fluid handling compo- 
nents or tools can be mounted and fluidly connected. 
The fluid delivery apparatus also includes a plurality of 
upper modules, a plurality of spacers, and a plurality of 
lower modules, all of which are received within the re- 
spective base blocks to form a fluid delivery apparatus 
which maximizes adaptability for connection to a variety 
of fluid handling components while minimizing the 
number and variety of apparatus components required 
for connection to the variety of fluid handling compo- 
nents. The upper modules, the spacers, the lower mod- 
ules, to the base blocks, and the fluid handling compo- 
nents are coupled together to form a fluid delivery sys- 
tem. 

[0013] The upper modules, the lower modules, and 
the fluid handling components include fluid passage- 
ways which are aligned with one another upon assem- 
bling the system. The alignment of these passageways 
creates one or more extended channels through the up- 
per modules, the lower modules, and the fluid handling 
components. During operation of the fluid delivery sys- 
tem, a fluid can pass through the extended channel to 
each of the fluid handling components before being de- 
livered to a tool. Suitable fluids for use within the extend- 
ed channels are flowable materials such as gasses, liq- 
uids, and/or gas/liquid combinations. 
[0014] When the fluid delivery apparatus is assem- 
bled, the passageways within the upper modules and 
the lower modules terminate either in one or more up- 
wardly directed fluid ports positioned at a horizontal top 
surface of an upper module or in one or more laterally 
directed fluid ports positioned adjacent a lateral side of 
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a base block. The upwardly directed fluid ports provide 
fluid communication to the fluid handling components. 
The laterally directed fluid ports provide an inlet or an 
outlet fluid channel of the fluid delivery system for con- 
nection with a fluid source or fluid exhaust. 
[0015] The fluid delivery apparatus in accordance 
with the present invention is configured such that a fluid 
handling component may easily be removed from a cor- 
responding module subassembly, that is, a correspond- 
ing upper module, spacer, lower module formed by a 
portion of one or more flow channels, and base block 
even when the modular subassembly remains assem- 
bled. Furthermore, the base blocks of the present inven- 
tion are configured such that lateral sides of adjacent 
base blocks need not be in physical contact with one 
another. Such configuration facilitates minor changes to 
the fluid delivery apparatus, for example, the replace- 
ment of a single module subassembly, without disas- 
sembling a large number of modules and/or fluid han- 
dling components. In particular, because adjacent mod- 
ules need not contact one another, a single module su- 
bassembly, including a single base block, can be re- 
moved from the fluid delivery apparatus without remov- 
ing adjacent base blocks. 

[0016] The ability to easily modify the fluid delivery ap- 
paratus also reduces the opportunities for systematic 
contamination. Specifically, the fluid delivery apparatus 
according to present invention can be quickly repaired 
or modified. Accordingly, the fluid delivery apparatus of 
the present invention reduces the time frame for repair 
or modification within which systematic contamination 
can occur Additionally, modifications of the fluid delivery 
apparatus according to the present invention frequently 
involve a reduced number of modules, as noted above. 
Reducing the number of modules involved in a modifi- 
cation reduces the number of contamination sources 
and, accordingly, the overall opportunity for contamina- 
tion. 

[0017] Fig. 1 illustrates an exploded view of the fluid 
delivery apparatus 50 forfluidly coupling a variety of fluid 
handling components 51 together to form a fluid delivery 
system 52. The fluid delivery apparatus 50 includes a 
plurality of modular subassemblies 55. Each modular 
subassembly 55 generally includes an upper module 
56, a lower module 59, and a base block 60. 
[0018] Suitable fluid handling components 51 which 
form fluid delivery system 52 include, but are not limited 
to, nozzles, inlet ports, outlet ports, pressure gauges, 
pressure regulators, pressure transducers, filters, puri- 
fiers, mixing valves, pneumatic valves, manually oper- 
ated valves, check valves, flow meters and mass flow 
controllers, as well as other control and metering com- 
ponents. In operation, the fluid delivery apparatus 50 
transports the fluids required for operation of fluid han- 
dling components 51 to and/or from fluid handling com- 
ponents 51. 

[001 9] Base blocks 60 are generally configured to be 
positioned adjacent to a flat surface 61 and can option- 



ally be affirmatively coupled with flat surface 61 to sta- 
bilize each base block 60 and corresponding modular 
subassembly 55 relative to the flat surface 61 . Exem- 
plary flat surfaces 61 include, but are not limited to, tab- 
5 letops & machinery such as the machinery used in sem- 
iconductor manufacture. One should appreciate that the 
flat surface need not be horizontal and can extend at an 
angle to the horizontal or, alternatively, can extend sub- 
stantially vertical. 
10 [0020] Each base block 60 includes a plurality of sur- 
face-mounting apertures 64 through which fasteners 65 
secure base block 60 to flat surface 61 , as shown in FIG. 
2. Optionally, fasteners 65 are threaded fasteners and 
can be used to releasably secure each base block 60 to 
is flat surface 61 . One should appreciate that other suita- 
ble fasteners can be used. For example, the based 
blocks can include positioning pins which are received 
in cooperating positioning bores located in the flat sur- 
face. Other fasteners may include nuts, bolts, screws 
and other suitable fastening means. 
[0021 ] Each base block 60 includes one or more base 
block channels 68, as shown in FIG. 3. The illustrated 
base block 60 in accordance with the present invention 
includes four lateral sides 69 and four base block chan- 
nels 68 which correspond to the four lateral sides of 
base block 60. Base block channels 68 open upwardly 
thus allowing installation of lower module 59 while the 
based blocks 60 are secured to flat surface 61 . 
[0022] One should appreciate that base block 60 may 
have other shapes and configurations. For example, in- 
stead of having four lateral sides 69, the base block may 
have six lateral sides whereby a plurality of base blocks 
may be arranged in a honeycomb configuration. In such 
a configuration, each base block can include six base 
block channels, one for each lateral side. 
[0023] As shown in FIG. 3, lower module 59 includes 
one or more flow channels 70, each flow channel 70 
having a lower passageway 71 extending therethrough. 
Lower passageway 71 of each flow channel 70 termi- 
nates in one or more upper-module-coupling ports 73 
and/orterminates in an inlet/outlet-coupling port 74. Up- 
per-module-coupling ports 73 extend substantially ver- 
tically and inlet/outlet-coupling port 74 extends substan- 
tially horizontally, however, one should appreciate that 
other geometries may be used. For example, an inlet/ 
outlet coupling port can be configured to extend parallel 
to upper-module-coupling ports 73. Alternatively, upper- 
module-coupling ports and/or the inlet/outlet-coupling 
ports may extend at an acute angle relative to flat sur- 
face 61. Optionally, ports 73 and 74 have conventional 
fittings such as the microfittings manufactured by the 
Swagelok Company of Solon, Ohio. One should appre- 
ciate that other fluid fittings and fitting means can also 
be used to fiuidly connect ports 73 and 74. 
[0024] In order to provide fluid communication be- 
tween adjacent subassemblies 55 and through adjacent 
base blocks 60, a flow channel 70 is inserted into the 
base block channel 68 of two adjacent base blocks 60 
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such that flow channel 70 extends outwardly from base 
block channel 68 of one base block into base block 
channel 68 of the adjacent base block thereby extending 
two adjacent base blocks 60 in such a manner to strad- 
dle two corresponding and adjacent upper modules 56. 
[0025] In order to provide fluid communication be- 
tween fluid delivery apparatus 50 and a fluid delivery 
source or exhaust, a flow channel 70a is inserted into 
base block channel 68 of one base block 60 such that 
flow channel 70a extends outwardly from base block 
channel 68 and terminates in inlet/outlet coupling port 
74. A threaded inlet/outlet-coupling port fastener 75 or 
other suitable means is used to selectively engage inlet/ 
outlet coupling port 74 with the fluid delivery source or 
exhaust. In this situation, a bracket 77 releasably se- 
cures flow channel 70a to base block 60. A fastener 78 
can be used to releasably affix bracket 77 to a lateral 
side 69 of base block 60. Optionally, bracket fastener 
78 is threaded, however, one should appreciate that oth- 
er suitable fasteners can by used including pins, nuts, 
bolts, screws, and other suitable fastening means. 
[0026] A spacer 79 is inserted within a receptacle 82 
formed by inner walls 83 and bottom wall 84 of each 
base block 60 below a top surface 85 of base block 60, 
as shown in FIG. 5. Similar to base block channels 68 
discussed above, receptacle 82 opens upwardly thus al- 
lowing installation of flow channels 70, 70a of the lower 
module, as well as spacer 79 and upper module 56, 
even when base block 60 is secured to flat surface 61 . 
[0027] Spacer 79 includes one or more alignment ap- 
ertures 86 for properly aligning upper-module-coupling 
port 73 with respect to base block 60. The illustrated 
spacer 79 includes four alignment apertures 86 which 
correspond in numberto the number of base block chan- 
nels 68 in each base block 60. One should appreciate 
that the actual number of alignment apertures may vary, 
for example, the spacer can include six alignment aper- 
tures in the event that a respective base block has six 
lateral sides. Alternatively, the spacers can include just 
one, two, three or more alignment apertures if so de- 
sired. 

[0028] Spacer 79 has a substantially cylindrical shape 
which is complementary to that of base block receptacle 
82. One should appreciate that spacer 79 and base 
block receptacle 82 can have other geometries. For ex- 
ample, the spacer and the receptacle can have a com- 
plementary square or rectangular shape which would al- 
so provide the means to properly align the flow channels 
with respect to the base block. Alternatively, the spacer 
and the receptacle can have complementary triangular, 
pentagonal, or hexagonal shapes, particularly in the 
event that the base block has, three, five, or six lateral 
sides, respectively 

[0029] Optionally, spacer 79 includes indexing 
grooves 87 which cooperate with indexing splines or 
nibs located within base block receptacle 82. Indexing 
grooves 87 facilitate alignment of spacer 79 within re- 
ceptacle 82 relative to base block 60, which in turn fa- 



cilitate alignment of flow channels 70 with respect to 
base block 60 and upper module 56 when modular su- 
bassembly 55 is assembled. 

[0030] An upper module 56 is inserted within recep- 
5 tacle 82 above spacer 79, as shown in FIG. 6. Because 
receptacle 82 opens upwardly, upper module 56 may be 
easily installed and removed from base block receptacle 
82 even when a base block 60 is secured to flat surface 
61. 

10 [0031] Upper module 56 includes one or more upper 
passageways 88. Each upper passageway 88 termi- 
nates in one or more lower-module-coupling ports 91 
and/or in one or more fluid-handling-component ports 
92. As shown in FIG. 6, upper passageways 88 option- 

*5 ally extend from a bottom side 94 to a top side 95 of 
upper module 56. The actual number and configuration 
of upper passageways 88 will vary depending upon the 
actual configuration of the respective fluid handling 
component 51 and the number of flow channels 70 

20 which must be in fluid communication with the fluid han- 
dling components 51. For example, FIG. 6 shows sev- 
eral types of upper modules 56, 56a, 56b, 56c, and S6d, 
each of which includes a distinct configuration of one, 
two, three, or four passageways 88. It is noted that like 

25 reference numerals have been used to describe like 
components of the present invention. 
[0032] As shown in FIG. 7, upper module 56c and 
spacer 79 each include one or more subassembly ap- 
ertures 96 and 97, respectively. One or more subassem- 

30 bly fasteners 98 extend through apertures 96 and 97 of 
upper module 59 and spacer 79, respectively, and into 
base block 60 to releasably secure upper module 56c 
and spacer 79 to base block 60. Preferably fastener 98 
is a threaded fastener which cooperates with a threaded 

35 bore 101 located in bottom wall 84 of base block recep- 
tacle 82. Again, one should appreciate that other suita- 
ble fasteners and fastening means can be used. 
[0033] As fastener 98 is turned to tighten upper mod- 
ule 56c against spacer 79 and base block 60, each flow 

40 channel 70 of lower module 59 seats against upper 
module 56 and is releasably secured between upper 
module 56c and base block 60 Optionally, spacer 79 is 
dimensioned and configured such that over-tightening 
of fastener 98 can not damage the fluid joint formed be- 

45 tween upper-module-coupling ports 73 and lower-mod- 
ule-coupling ports 91. 

[0034] Fluid delivery apparatus 50 further includes 
one or more assembly fasteners 1 04 for attaching a flu id 
handling component 51 to a respective modular sub- 

50 assembly 55, as shown in FIGS. 7-9. Optionally assem- 
bly fastener 104 is a threaded fastener which passes 
through a component assembly bore 105 and cooper- 
ates with a threaded base block assembly bore 1 06 lo- 
cated on top surface 85 of base block 60. In addition to, 

55 or instead of, base block assembly bore 1 06, an upper 
module, for example, upper module 56a, can include a 
threaded upper module assembly bore 107 in which a 
fastener 1 04 is threaded. Again, one should appreciate 
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that other suitable fasteners and fastening means can 
be used. 

[0035] Although top surface 85 and the bottom sur- 
face of the Illustrated base blocks have substantially flat 
surfaces, the base blocks can optionally have shape, 
contour and/or texture. For instance, the bottom wall of 
the base block receptacle can have a contour which is 
complementary to a bottom side of the spacer. The con- 
tour can be interlocking to provide an affirmative grip be- 
tween either the base block and the spacer. 
[0036] Fluid delivery apparatus 50 can be disassem- 
bled and can be reassembled to provide fluid delivery 
apparatus 50 with a different configuration or to change 
the fluid handling components 51 being used in combi- 
nation with fluid delivery apparatus 50 thereby providing 
fluid delivery system 52 with a different configuration. 
With reference to FIGS. 7-9, various methods for as- 
sembling the fluid delivery apparatus 50 on a flat surface 
61 can be used. In one method in accordance with the 
present invention, base blocks 60 are attached to flat 
surface 61 with four fasteners 65. Each fastener 65 is 
passed through an unthreaded aperture 64 in base 
block 60 and is then received in a threaded aperture in 
flat surface 61. Once a fastener 65 is received in a 
threaded aperture, fastener 65 can be turned in order to 
tighten and loosen base block 60 on flat surface 61 . Un- 
threaded apertures 64 are countersunk so the top of fas- 
tener 65 is positioned even with or below a bottom sur- 
face 108 of channel 68 of base block 60 when base 
block 60 is tightened onto flat surface 61 . Such position- 
ing of fastener 65 relative to base block 60 allows flow 
channel 70 of the lower module to be positioned imme- 
diately adjacent bottom channel surface 108 of base 
block 60. 

[0037] After the appropriate base blocks 60 are in 
place on flat surface 61 , the appropriate flow channels 
70, 70a of the lower modules are inserted into respective 
base block channels 68. Next, a spacer 79 is inserted 
into each receptacle 82 of each base block 60 thereby 
aligning upper-module-coupling ports 73 of each flow 
channel with respect to the base block 60. Next, appro- 
priate upper modules 56c are inserted into each recep- 
tacle above spacers 79 and secured to the base blocks 
60 by four subassembly fasteners 9B. Each subassem- 
bly fastener 98 is passed through an unthreaded aper- 
ture 96 in upper module 56c, through an unthreaded ap- 
erture 97 in spacer 79, and is received in a threaded 
aperture 101 in base block 60, as shown in FIG. 7. Fas- 
tener 65 can be turned in order to tighten upper module 
56c against spacer 79 and base block 60. Optionally, 
unthreaded apertures 96 of upper module 56care coun- 
tersunk with respect to upper surface 96 of upper mod- 
ule 56cthus allowing fluid handling component 51 to be 
positioned immediately adjacent the top side 95 of upper 
module 56c. 

[0038] Once the upper modules 56c are in place, the 
fluid handling components 51 are coupled with the ap- 
propriate module subassembly 55 using four assembly 



fasteners 104. Assembly fasteners 104 are passed 
through an unthreaded aperture 105 in fluid handling 
component 51 and are then received in a threaded ap- 
erture 106 in base block 60 as shown in FIG, 7. Fastener 
5 1 04 can then be turned to tighten or loosen fluid handling 
component51 with respect to modular subassembly 55. 
[0039] Optionally, a component gasket 1 09 can be po- 
sitioned between fluid handling component 51 and su- 
bassembly 55 before fluid handling component 51 is 
10 coupled with subassembly 55. Gasket 1 09 can be made 
from a plurality of suitable materials including, but not 
limited to, a metal such as 31 6L stainless steel and other 
materials suitable for fluid handling and/or clean room 
use. Gasket 109 can include one or more, or as illustrat- 
es ed, three discrete component sealing devices 1 1 0 such 
as an O-rings or other suitable device. Additionally, com- 
ponent sealing devices 1 1 0 can be independent of gas- 
ket 1 09. As shown in FIG. 7, top side 95 of upper module 
56c includes a component gasket recess 1 1 3 positioned 
20 adjacent to fluid-handling-component port 92. Compo- 
nent gasket recess 113 has a shape configured for re- 
ceiving component sealing device 110. 
[0040] Similarly, a passageway sealing device or gas- 
ket 114 can be positioned between upper module 56c 
25 and each flow channel 70, 70a before upper module 56c 
is coupled with base block 60, as shown in FIG. 7. Pas- 
sageway sealing device 1 1 4 can be made from a plural- 
ity of materials including, but not limited to, a metal such 
as 31 6L stainless steel and other materials suitable for 
30 fluid handling and/or clean room use. Optionally, the 
passageway sealing device is an O-ring. As shown in 
FIG. 14, bottom side 94 of upper module 56a includes 
a gasket recess positioned adjacent to fluid-handling- 
component port 92. One or more passageway gasket 
35 recesses 1 1 5 are positioned on bottom side 94 of upper 
module 56a and have a shape for receiving a passage- 
way sealing device 114. 

[0041 ] The sealing devices are compressed when the 
fluid handling component 51 is tightened against upper 

40 module 56c by turning assembly fasteners 104. This 
compression of the sealing devices forms a seal be- 
tween the corresponding fluid ports of fluid handling 
component 51 and upper module 56cas well as the cor- 
responding fluid ports of upper module 56c and flow 

45 channels 70, 70a of the lower module. One should ap- 
preciate that other types of gaskets, seals and sealing 
means can be used. One should appreciate that thef luid 
delivery apparatus of the present invention can instead 
be configured such that gaskets, sealing devices, and/ 

50 or other sealing means need not be used. 

[0042] Additionally, the base blocks do not require 
threaded apertures for assembly of the modular sub- 
assemblies. For instance, the fluid handling compo- 
nents, the upper modules, and base blocks can include 

55 unthreaded apertures which are aligned with one anoth- 
er when the fluid delivery apparatus is assembled. A su- 
bassembly fastener can be passed through the aligned 
unthreaded apertures in the fluid handling component, 
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the upper module, spacer, and base block and into a 
threaded aperture In flat surface 61. Alternatively, the 
aperture in flat surface 61 can also be unthreaded in 
which case a bolt is passed through the aligned un- 
threaded apertures in the fluid handling component, up- 
per module, spacer, base block, and flat surface and be 
releasably secured thereto by a nut. 
[0043] The above discussion with respect to assem- 
bly and disassembly of fluid delivery apparatus 50 is for 
illustrative purposes only. The method of assembly and 
disassembly of the fluid delivery apparatus may vary. 
For instance, the number of subassembly fasteners per 
module is not limited to four and can be as few as one. 
Further, a spacer need not be used in accordance with 
the present invention provided that the base flock is de- 
signed and configured such that the base block chan- 
nels align the flow channels with respect to the upper 
module. Alternatively, a modified spacer can be used for 
heating the fluid passageways in the upper module and/ 
or lower module. For example, a spacer can be provided 
with a thin film heater bonded to a top and/or bottom 
surface thereof in orderto apply heat to the upper mod- 
ule and/or lower module as desired. 
[0044] As noted above, the actual number and con- 
figuration of upper passageways 88 will vary depending 
upon the actual configuration of the respective fluid han- 
dling component 51 and the number of flow channels 70 
which must be in fluid communication with fluid handling 
component 51. In one embodiment in accordance with 
the present invention shown in FIG. 10, upper module 
56e is similar to the upper modules illustrated in Fig. 6 
but having a modified upper passageway configuration. 
It is noted that like reference numerals have been used 
to describe like components of the present invention. 
Upper module 56e includes upper passageways 88 
which extend from diametrically opposed upper-mod- 
ule-coupiing ports 73, 73, through upper module 56e 
and to diametrically oppose fluid-handling-component 
ports 92, 92. Centrally located fluid-handling-compo- 
nent closure port 117 does not extend through upper 
module 56e or communicate with a lower passageway 
71 of any flow channel 70. Thus, closure port 1 1 7 effec- 
tively seals a corresponding fluid port on fluid handling 
component 51 . 

[0045] FIG. 1 1 shows an assembled modular assem- 
bly 55 Including upper module 56, also shown in FIG. 5, 
having two upper passageways 88 which extend from 
diametrically opposed lower-modular-coupling ports 91 , 
through upper module 56, and to two fluid-handling- 
component-coupling ports 92, one of which is centrally 
located on the top side 95 of upper module 56. Upper 
module 56 is also illustrated in FIG. 14. FIG. 11 also il- 
lustrates the adaptability of fluid delivery apparatus in 
that the assembled modular subassembly 55 is shown 
ready for attachment to a different type of fluid handling 
component 51 , namely a valve component. 
[0046] FIG. 13 shows an upper module 56a, also 
shown in FIG. 5, having a single upper passageway 88 



which extends from one lower-modular-coupling port 
91, through upper module 56a, and to one fluid-han- 
dling-component coupling port 92, which is centrally lo- 
cated on the top side 95a of upper module 56a. FIG. 14 

5 shows the bottom side 94a of upper module 56a. 
[0047] FIG. 15 shows an upper module 566 having 
three upper passageways 88. One upper passageway 
88 extends from a lower-modular-coupling port 91, 
through upper module 56b, and to a first centrally locat- 

10 ed fiuid-handling-component-coupiing port 92. The two 
remaining upper passageways extend from a second 
and third adjacent lower-modular-coupling ports 91, 
through upper module 56b, and to a single fluid-han- 
dling-component-coupling port 92 adjacent to the first 

15 centrally located port. 

[0048] FIG. 16 shows an upper module 56c having 
four upper passageways 88. A first and a second upper 
passageway 88 of upper module 56c extend from a first 
and a second diametrically opposed lower-module-cou- 

20 pling port 91, respectively, though upper module 56c, 
and to a first centrally located fluid-handling-compo- 
nent-coupling port 92. Third and fourth upper passage- 
ways 88 extend from third and fourth diametrically op- 
posed lower-module-coupling ports 91 to second and 

25 third fluid-handling-component-coupling ports 92 locat- 
ed adjacent the first centrally located port. One should 
appreciate that two adjacent lower-module-coupling 
ports can be fluidly connected to a single fluid-handling- 
component-coupling port. Upper module 56c is also 

30 shown in FIG. 5. 

[0049] FIG. 17 shows an upper module 56cf having 
three upper passageways 88, each extending from a 
first, second and third iower-modular-coupling port 91 , 
through upper module 56d, and to a first centrally locat- 
es ed fluid-handling-component-coupling port 92 and two 
adjacent but diametrically opposed fluid-handling-com- 
ponent-coupling ports 92. Upper module 56d is also 
shown in FIG. 5. 

[0050] FIG. 18 shows an upper module 56f having 

40 three upper passageways 88 similar to upper module 
56£?, however, upper module 56f is the mirror image of 
upper module 566. One upper passageway 88 of upper 
module 56f extends from a lower-modular-coupling port 
91 , through upper module 56f, and to a first centrally 

45 locatedfluid-handling-component-coupling port92. The 
two remaining upper passageways extend from a sec- 
ond and third adjacent lower-modular-coupling ports 91 , 
through upper module 56f*, and to a single fluid-han- 
dling-component-coupling port 92 adjacent to the first 

so centrally located port. 

[0051] Suitable materials for upper modules 56, spac- 
ers 79, flow channels 70, and base blocks 60 include, 
but are not limited to, stainless steel such as 316L VIM/ 
VAR. Because the spacers and the base blocks do not 

55 contact the fluid, spacer 79 and base block 60 can also 
be fabricated from other materials such as plastic, metal 
including steel, aluminum, and various alloys, teflon and 
other suitable materials selected to minimize weight and 
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cost of fabrication. One should appreciate that when flu- 
id delivery apparatus 50 is used in certain semiconduc- 
tor manufacturing processes, upper module 56 .spacers 
79, flow channels 70, and base blocks 60 are preferably 
formed of materials which are clean room compatible. 
[0052] Base blocks 60 generally have a length of 
about 1-2 inches, a width of about 1-2 inches and a 
height of about 1 -3 inches. Upper modules 56 generally 
have a diameter of about 1 -2 inches and a height of 
about 14 to VA> inches. Similarly, spacers 79 generally 
have a diameter of about 1 -2 inches and a height of 
about 1 /Uo Vh inches. Flow channels are generally U- 
shaped or L-shaped and generally have a length of 1-2 
inches and a height of about Yi to Vh inches. However 
these shapes and dimensions can vary extensively. For 
example, the shape of the flow channels can include V- 
shapes, l-shapes, J-shapes, and other suitable ge- 
ometries. Furthermore, the length of the base blocks 
can be varied to accommodate fluid handling compo- 
nents which have bases with unusual geometries. Sim- 
ilarly, the upper module can be varied to accommodate 
fluid handling components having fluid ports which are 
unusually far apart. A suitable width for the passage- 
ways includes, but is not limited to, approximately K> to 
14 inch, and more particularly, approximately 0.18 inch- 
es. The fluid ports can include a standard C-seal to be 
positioned between an upper module and a correspond- 
ing fluid handling component and a M inch face seal gas- 
ket to be positioned between adjacent fluid handling 
components. 

[0053] While the present invention is disclosed by ref- 
erence to the preferred embodiments and examples de- 
tailed above, it is to be understood that these examples 
are intended in an illustrative rather than limiting sense, 
as it is contemplated that modifications and combina- 
tions will readily occur to those skilled in the art, which 
modifications and combinations will be within the spirit 
of the invention and the scope of the appended claims. 
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ceptacle and the lower module extending 
through the channel. 

2. The fluid delivery apparatus of Claim 1, wherein 
said upper module has a substantially cylindrical 
shape. 

3. The fluid delivery apparatus of Claim 1 , wherein the 
uppermodule further comprises a top side including 
a flat portion which is configured to be positioned 
under a flat surface of a fluid handling component, 

4. The fluid delivery apparatus of Claim 1 , wherein a 
top side of the lower module is configured to be po- 
sitioned adjacent to a bottom side of the upper mod- 
ule. 

5. The fluid delivery apparatus of Claim 1 , wherein up- 
per module further includes a plurality of upper pas- 
sageways, each upper passageway terminating in 
a lower module coupling port positioned at a bottom 
side of the uppermodule , said lower module further 
including a plurality of flow channels, each flow 
channel including a lower passageway terminating 
in a upper module coupling port positioned at a top 
side of each lower, each upper module coupling port 
fluidly connected to a respective one of said lower 
module coupling ports. 



30 6. The fluid delivery apparatus of Claim 5, the appa- 
ratus further comprising a spacer having a plurality 
of alignment apertures aligning each upper modular 
coupling port of the lower module with a respective 
one of the lower modular coupling ports of the upper 

35 module. 
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A fluid delivery apparatus for transporting a fluid to 
one or more fluid handling components, said appa- 
ratus comprising: 45 



an upper module including an upper passage- 
way, the upper module configured to be cou- 
pled with a fluid handling component such that 
said upper passageway is in fluid communica- 
tion with the fluid handling component; 
a lower module including a lower passageway, 
the lower module configured to be coupled with 
the upper module such that the lower passage- 
way is in fluid communication with the upper 
passageway; and 

a base block including a receptacle and a chan- 
nel, the upper module received within the re- 



The fluid delivery apparatus of Claim 5, further com- 
prising at least one flow channel terminating in a 
horizontally extending lateral port. 

The fluid delivery apparatus of Claim 7 further com- 
prising a bracket for securing the at least one flow 
channel to the base block. 

The fluid delivery apparatus of Claim 1 , wherein the 
base block and the upper module each include a 
subassembly aperture sized to receive a fastener 
extending through the upper module into the lower 
module. 



10. The fluid delivery apparatus of Claim 9, wherein the 
base block subassembly aperture is threaded to re- 
ceive a threaded fastener. 

55 11 . The fluid delivery apparatus of Claim 1 , wherein the 
base block is configured to be releasably secured 
to a fiat surface. 
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12. The fluid delivery apparatus of Claim 1 , the appa- 
ratus further comprising a plurality of base blocks 
and a plurality of upper modules, each upper mod- 
ule received in a respective base block. 

5 

13. The fluid delivery apparatus of Claim 12, wherein 
each base block includes a lateral side having a flat 
portion which permits each base block to be posi- 
tioned adjacent another base block. 

10 

14. The fluid delivery apparatus of Claim 1 , the appa- 
ratus further comprising a spacer having an align- 
ment aperture aligning the lower passageway of the 
lower module with the upper passageway of the up- 
per module. 15 

15. The fluid delivery apparatus of Claim 1, wherein the 
cylindrical spacer includes a substantially cylindri- 
cal shape. 

20 

1 6. The fluid delivery apparatus of Claim 1 , wherein the 
fluid handling component is selected from the group 
consisting of a nozzle, inlet port, outlet port, pres- 
sure gauge, pressure regulator, pressure transduc- 
er, filter, purifier, mixing valve, pneumatic valve, 25 
manually operated valve, check valve, flow meter 
and mass flow controller. 
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